first appeared in the Panama Canal in 1920 and has been a significant problem aquatic plant in portions of the Panama Canal for nearly 60 years.* The problem is of greatest concern in the Chagres River To determine the effect of any introduced organisms on the waterhyacinth population and to obtain the data needed to develop management strategies, it was deemed necessary to conduct a baseline study of organisms already present on waterhyacinth in the Panama Canal and their impacts on its population.
Purpose and Objectives 3. The purpose of this study was to determine the organisms im pacting waterhyacinth in the Panama Canal prior to the introduction of biocontrol agents, and to quantify their effects on the plant population.
The purpose of this report was to present the procedures used, results obtained, conclusions drawn, and recommendations resulting from this study.
4. The specific objectives of the study were:
a.
To determine the complement of organisms that impact water hyacinth in the Panama Canal. 6 b.
To assess spatial and temporal variations in the abundance and impacts of these organisms on waterhyacinths in the Panama Canal.
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PART II: PROCEDURE Selection of Study Sites
5.
Following an inspection of the areas of the Panama Canal in which waterhyacinth occurred, six study sites were selected in 1978
( Figure 1 ). Two important criteria applied in the selection of sites were: (a) the waterhyacinth population on each site must be stable
and not subject to movement from the site by currents, and (b) sites were to be selected from the various areas of the Panama Canal that were representative of the waterhyacinth population. The study sites were as follows:
a. Site 1 -Manatee Lagoon. Located on the eastern shore of the Chagres River ±600 m north of the permanent boom, this 3-ha cove was heavily infested by waterhyacinths, which were retained in the cove by a temporary boom across its entrance.
b.
Site 2 -Nevada. Located in a 2-ha cove approximately 0.5 km upstream from Manatee Lagoon on the west side of the river, this site was isolated from the primary flow patterns of the river. Extensive areas of surface-matted hydrilla (Hydrilla verticillata Royle) also restricted the movement of waterhyacinths out of the cove.
c. Site 3 -Las Cruces. This site, located directly across the river from the Nevada site, was in an abrupt bend in the river approximately 6 ha in size that was heavily infested by waterhyacinth. The plants were maintained in the area by interlocking with aquatic plant species that were rooted on the site.
d.
Site 4 -Stump Lake. This site was located in the back waters of a large embayment approximately 3 km upstream from Site 3. Waterhyacinths on this site occurred primar ily as dense fringes from a wetland community dominated by Pontederia spp. Large circular colonies of waterhya cinth also occurred on this site, held in place by surface matted hydrilla.
e. Site 5 -Dump 4-1/2. Site 5 was located approximately 2 km west of Gamboa in an area where sediment dredged from the ship channel had been deposited.
It was a 3-ha pool, separated from the main body of Gatun Lake by a levee con structed to permit use of the pool as a nursery area for white amur (Ctenopharyngodon idella Val.) . A combination 8 ----of the levee across the pool, flow patterns of the Chagres River, and the permanent boom across the river effectively prevented the exchange of waterhyacinths from Sites 1-4 with those found at this site.
f.
Site 6 -Red Tank Lake. This site, located approximately 12 km east of Gamboa, was a shallow lake separated from the Panama Canal by a highway.
The only outlet from the lake was through a large culvert that drained water into Miraflores Lake.
The major concentrations of waterhyacinth at this site occurred in shallow backwater areas away from the culvert, and were held in place by surface-matted sub mersed vegetation, primarily hydrilla and brittle naiad (Najas minor All.).
Collection of Plant Samples

6.
A Examination of waterhyacinths collected on the first sampling date revealed numerous penetrations on the petioles of most plants.
Because these penetration points represented sites for potential invasion of the plants by facultative pathogens, the number of penetration points was counted for each plant. Other pathogens. Symptoms produced by other microbial agents were described and recorded for each plant.
Beginning in May 1979, sections of leaves with these symp toms were collected and processed using standard microbio logical techniques to identify the causal agents, as de scribed in the following section.
Laboratory Analysis for Identification of Plant Pathogens 10. To isolate and identify potential bacterial and fungal patho 2 gens of waterhyacinth, two l6-mm sections of pseudolaminae were ex cised from the region bordering each disease symptom and processed as described below.
Bacterial agents 11. One of the collected sections of pseudolamina was macerated in a Petri dish, to which was added 1 ml of sterile saline solution.
One loop of the supernatant was streaked onto a plate of nutrient agar (Difco) and incubated at room temperature for 2 days.
Although secondary invaders and other microbial contaminants were assumed to be present, the bacterial species associated with the defined symptom was presumed to be the species producing the largest number of colonies on the nutri ent agar plate. Because the isolated species could not be brought through U. S. Customs for identification in this country, and no facil ities were available in the Panama Canal for performing this task, the API-20 Enterobacteroceae System (API20E) was used for the characteriza tion of the potential bacterial pathogens. This ready-for-use micro tube system, designed for the performance of 23 standard biochemical tests from a single colony of bacteria on plating media, proved to be a simple and accurate method of obtaining the biochemical data required for the identification of Gram-negative bacterial species. A colony of the isolated suspected pathogen was touched with the tip of a sterile wooden applicator. The tip of the applicator was then inserted into a test tube containing 5 ml of sterile 0.85 percent saline solution, after which the micro tubes were inoculated with the bacterial suspension and incu bated at 30°C for 2 days.
Results of the biochemical tests were recorded and used for identification of species by use of a differential chart (Buchanan and Gibbons 1974) .
Fungal agents
12.
The other collected section of pseudolamina was surface ster ilized with 0.5 percent sodium hypochlorite for 2 min and rinsed twice in containe~s of sterile, deionized water. The section was placed on a potato dextrose agar (PDA) plate and incubated at room temperatures for 7 to 10 days. The fungal agents were identified by colony morphology on PDA and by morphology of hyphae, fruiting structures, and spores on slide cultures. Identifications of fungal agents were made from Barnett and Hunter (1972) and Bessey (1950) .
Data Analysis
13. Methods of data analysis and statistical procedures used in the study were as follows:
a. Waterhyacinth. The average numbers of daughter plants, leaves, and flowering stalks per plant for each site on each sampling date were determined by dividing the total number of respective units per site by 24, which was the total number of plants examined from each site on a given sampling date.
b.
Arthropods.
Average numbers of N. eichhorniae adults and pupae, and arthropod penetration points per plant for each site on each sampling date, were determined by divid ing the total number for each site by 24. The average number of arthropod larvae per plant for each site on each sampling date was calculated by dividing the total number of larvae by 4, which was the number of plants from each site that were examined for arthropod larvae.
Average levels of feeding by adult N. eichhorniae and Cornops, and the degree of tunneling by O. terebrantis per leaf for each site on each sampling date, were calcu lated by dividing the sum of the respective rating cate gories by the total number of leaves examined.
c.
Pathogens.
Average values for the degree of A. zonatum damage per leaf for each site on each sampling date were calculated by dividing the sum of the rating categories by the total number of leaves examined.
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PART III: RESULTS (Table 4) . Temporal variation in the adult population was not pronounced, but the population was slightly higher during the dry season than during the rainy season. 18. The average number of N. eichhorniae pupae per plant was low at all times, but values for all sites were highest during May 1979 (Table 5 ). The reason for the low numbers of pupae was not apparent.
Characteristics of Waterhyacinth
Considering the higher average numbers of adult N. eichhorniae obtained ( Lagoon to 0.9 at Red Tank Lake (Figure 2 ). A value of 1.9 indicated moderate feeding by N. eichhorniae, while a value of 0.9 represented light feeding. As expected, these data were closely related to the aver age number of adults (Table 4 ). The rankings of sites according to the numbers of adults (Table 4) Table 6 . Nearly all of these lar vae were found in petioles, and they were predominantly larvae of On the initial sampling date, it was apparent that a small arthropod was penetrating the epidermis of the waterhyacinth petioles.
Although it was obvious that the waterhyacinth plants were not being significantly stressed by this activity, the penetration points were viewed as possible sites for entry into the plant by facultative patho gens. It was later determined that the penetration points were being made by Thrypticus as it oviposited beneath the epidermis. As was true for arthropod larvae, the average number of penetrations per plant was greater in the downstream Chagres River sites than in other sites (Table 7) . The larger plants found on these sites had more space in the larger petioles available as oviposition sites, and this probably ac Table 8 . A total of 16 genera of microorganisms were iden tified from waterhyacinth, of which 10 genera were bacteria and 6 were fungi. Although 7 genera were considered to be either secondary invaders or potential pathogens, pathogenicity on waterhyacinth was not verified for any of the genera. A secondary invader is considered to be a micro organism that is normally nonpathogenic, but which may act as a pathogen if mechanical damage provides entry loci into the plant. The remaining 9 genera were considered to the contaminants or obligate saprophytes. A contaminant is a microorganism normally associated with the water envi ronment rather than with the plant. 23 26. Bacteria. Four of the identified bacterial genera include species that are common plant pathogens. Corynebacterium sp., which was identified from leaf spots (Figure 6 ), was isolated from three sites in May 1979, one site in October 1979, and was not present in January 1980.
These data suggest that Corynebacterium sp. is active on waterhyacinth only during the rainy season. Erwinia herbicoZa was isolated only once, which indicates that it is probably a secondary invader rather than a true pathogen (Figure 7) . Pseudomonas sp. was isolated on all three ~ sampling dates from insect and pathogen-damaged pseudolamina. Due to its widespread occurrence, Pseudomonas sp. produced more stress on water hyacinth than any other bacterial agent (Figure 8 ), even though it ap peared to be a secondary invader. Xanthomonas sp. was isolated from N. eichhorniae feeding scars on two sites in January 1980, which suggests that it is an active pathogen during the dry season.
Fungi. Of the six fungi isolated in this study, only
A. zonatum occurred on all three sampling dates. It was isolated from each site on at least one sampling date. Clearly, A. zonatum produced greater stress on waterhyacinth than any other mircroorganism isolated in this study ( Figure 9 ). Two other possibly pathogenic fungi, Botrytis sp. and Fusarium sp., were isolated in May 1979. However, neither was found in October 1979 nor January 1980, and uamage produced by these organisms was minor. Prior to the study, it was anticipated that Rhizoctonia soZani, which produces a blight on anchored waterhyacinth
[Eichhornia azurea (Sw.) Kunth.] in the Panama Canal and has been found to be pathogenic on floating waterhyacinth in laboratory tests (Rintz 1973) , would be isolated from the study sites. However, it was not isolated in this study, and does not appear to stress floating water hyacinth in the Panama Canal. Waterlettuce (Pistia stratiotes L.) and salvinia (SaZvinia spp.) typically were found interspersed with waterhyacinth, and were presumably competing with waterhyacinth for space and nutri ents.
In some areas, E. azurea was found to compete favorably with E. crassipes for available space, and often occurred as a mono typic stand.
In the littoral zone, rooted species (e.g., grasses and sedges)
were found to dominate E. crassipes. However, they also served as a device for anchoring the E. crassipes mat, and thereby afforded stability for waterhyacinth in some sites. Evi dence of N. eichhorniae and Cornops feeding was found on all sites on all sampling dates, while feeding by O. terebrantis was commonly ob served on four of the six study sites. However, the impacts of these species on E. crassipes could not be determined due to the absence of data prior to their introduction in the Panama Canal. Nevertheless, it was apparent that the combined effects of these arthropod species at the population levels encountered in this study were not exerting a signifi cant level of control of E. crassipes. The greatest populations for each of these species occurred at Manatee Lagoon; yet, the E. crassipes
at Manatee Lagoon were typically of the Stage III morphotype and were taller than plants at any other site.
31.
A major reason for the lack of a controlling effect by these arthropod species on E. crassipes is that none of them fed heavily or directly on the newest leaves or the meristematic zones of the plant.
Although feeding scars produced by adults of N. eichhorniae were com monly found on the newest leaves, they were rarely found in quantities that were observed on older leaves.
Cornops feeding damage was never observed on the newest leaves of E. crassipes, but was usually heaviest on the fourth, fifth, and sixth newest leaves.
Feeding by Cornops on leaves with significant necrosis was rarely observed. Tunneling by O. terebrantis was never observed on the three newest leaves of E. crassipes but was greatest on leaves in the fourth through sixth positions.
32.
No other arthropods were found to significantly impact E. crassipes in the Panama Canal. The penetration points produced by
Thrypticus were very abundant on the petioles of E. crassipes at some sites; however, there was no evidence that Thrypticus produced any di rect impact on E. crassipes. The larvae were very small and fed mini mally on the plants.
The only other arthropod species that could be inflicting some damage to the plants were an unidentified leafhopper and leafminers, but feeding damage produced by these species was rare. Acremonium zona tum com monly appeared on E. crassipes on all sites and at all seasons of the year. However, it was never observed on the pseudolamina of the three newest leaves. Typically, isolated lesions appeared first on the fourth leaf, coalesced by the sixth leaf, and all older leaves were heavily infested.
Its greatest impact on E. crassipes appeared to be the hasten ing of senescence of leaves, which decreased the total photosynthesis of infected leaves. However, this impact was probably masked by the rapid production of new, uninfected leaves.
34.
Other microorganisms isolated from E. crassipes in the Panama
Canal were predominantly bacteria, none of which had the potential to significantly impact E. crassipes. Their association with E. crass&pes was that of saprophytes or weak pathogens that only increased the rate of senescence.
Species Interactions
35.
By applying Spearman's method for determining rank correlation coefficients to the data from all sampling dates (Siegel 1956 ), three positive species interactions were identified (Table 9) .
N. eichhorniae
and A. zonatum were positively correlated on all six sites, while N. eichhorniae and Cornops sp. were correlated on all sites except Dump 4-1/2, which had a positive correlation but was not significant at the 0.05 probability level.
Cornops sp. and A. zonatum were positively correlated on the three Chagres River sites nearest the permanent boom, but no correlation between these species was evident on the Stump Lake, Dump 4-1/2, and Red Tank Lake sites. These consistent positive correla tions suggested that environmental conditions favorable to one of these species were also favorable to its correlated species. Conversely, en vironmental conditions unfavorable to one of these species were also 39. There was also considerable spatial variation in the combined activity of the four species on E. crassipes (Figure 11 ). The greatest combined activity was observed at Manatee Lagoon, while the least activ ity occurred at Red Tank Lake. The level of activity was higher for the three downstream Chagres River sites than for the isolated backwater * Numbers in this row refer to sites (see paragraph 5). 
